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ABSTRACT 
This study is part of an on-going investigation of so called 
"critical 
plasticity. 
periods" in development 
Specifically, this paper 
and brain functional 
examines the role of 
motivation in reversing stimulus deprivation amblyopia induced 
during the "critical period". Kittens were deprived of vision in 
one eye (through the use of opaque contact lenses) from age 5 
weeks to age 19 weeks. During this period (5 weeks to 19 weeks 
of age) the kittens were trained and tested for monocular 
acuities in the non-occluded eye. At the end of the occlusion 
period, visually evoked potentials were recorded from these 
kittens to verify the presence of the deprivation amblyopia. 
INTRODUCTION 
Motivation appears frequently in the health care literature 
as an important factor in the treatment of various conditions. 
However, there do not appear to be any published studies looking 
specifically at motivation. This study is designed to examine 
the motivational factor and observe its effects on treatment 
success, using an animal model. In this case we are utilizing 
deprivation amblyopia, a visual condition where acuity is reduced 
monocularly, for no apparent organic reason, as the treatable 
condition. 
Visual acuity in cats has been measured by several 
investigators, using two basic methods, behavioral and 
electrophysiological. Behavioral data have been obtained by 
several research groups (Blake, Cool, and Crawford, 1974; Bisti 
and Maffei, 1973; Mitchell, et. al, 1975; Jacobsen, Franklin, and 
McDonald, 1975; Feiten and Mace, 1987) finding similar results as 
those v..rho used evoked potentials, (Berkley and Watkins, 1973; 
Freeman and Marg, 1975) with both methods reporting the best 
spatial resolution to be between 5.0 and 6.0 cycles per degree. 
Monocular occlusion has been used to induce deprivation 
amblyopia in cats. To accomplish this, previous researchers have 
typically sutured the lids of one eye shut, thus creating the 
monocular condition. It, has been reported that lid suturing will 
result in a 4-5 log unit decrease in light intensity reaching the 
ret, ina (Wiesel and Hubel, 1963). This decrease, coupled with the 
blockage of coherent form vis ion, is sufficient ·to result in a 
skewing of the ocular dominance to the unsutured eye and leaving 
the sutured eye amblyopic. However, lid suturing has also been 
found to induce an axial elongation of the effected eye, creating 
an axial myopia. 
opaque contact;, 
amblyopia. 
To avoid this effect, the present study used an 
lens to produce the stimulus deprivation 
The ·term "critical period" applies to a certain aspect in 
can be defined as a the development of the nervous system. It 
period, early in life, "during which an animal is not only more 
sensitive to sensory deprivation, but also can more easily make 
new nervous connections, adapting itself to variations in sensory 
stimulation" (Wiesel and Rubel, 1963). This period of cortical 
plasticity or modifiability has been shown, in cats, to last from 
birth to 5-8 months of age (Cynader and Mitchell, 1980). 
However, this endpoint has been shown not to be absolute. 
Successful reversals of deprivation effects have been shown by 
van Sluyters in 1978, and by Singer, Tretter and Yinon in 1982. 
These reversals were accomplished during the post-critical period 
with the cats being forced to attend to the visual stimuli. 
Attention appears to play a major role in making the cortex 
functionally plastic. The importance of visual attention was 
revealed by Cynader and Mitchell (1980), where inattention to 
visual stimuli during the critical period resulted in no 
modification of cortical cells. The key to visual attention, and 
thus, cortical plasticity appears to lie within a brain-stem 
structure known as the loc~us coeruleus. Pettigrew ( 1978) showed 
that the locus coeruleus plays a vital role in selective 
attention by "gating" the information allowed to pass through to 
the visual cortex. By electrically stimulating the locus 
coeruleus, Kasamatsu, et. al. ( 1983) demonstrated that cortical 
plasticity could be restored in cats even during the post-
critical period. 
In this study, the aim is to reverse the effects of 
deprivation amblyopia by stimulating the locus coeruleus, not by 
artificial means, but by the kitten's own heightened state of 
attentiveness, awareness, and motivation. This was accomplished 
by placing the amblyopic kittens in a situation of high 
motivation, in which they were forced to visually attend to the 
external "'rorld (using only the amblyopic eye) in order to obtain 
their daily ration of food. Since attention levels vary directly 
with the level of motivation, the motivational factor became our 
independent variable. 
METHOD 
Three lit·ters, nine kittens, born within 3 days of each 
other were placed in a light tight room at two weeks of age. 
Contact lenses were ordered (using parameters for' corneal 
curvature obtained by a previous study, see appendix I) and the 
animals started wearing the lenses at about 5 weeks of age. The 
contact lenses were PMMA material that had the front curve 
painted with two coats of black enamel. This rendered the lenses 
completely opaque. Lenses v1ere worn monocularly and all 
experimental animals wore lenses on the right eye. 
The reason we chose a contact lens as the means of 
occlusion, instead of lid sut.uring , was because we wanted to use 
a non-invasive technique. Our first choice was to use a contact 
lens that \1i0Uld allow light to pass through but would not allow 
any form discrimination. This proved to be too dificul·t a task 
for the contact lens manufacturers. The second choice was an 
opaque lens. Finding an opaque material capable of being made 
into a contact lens was ·the next obstacle. This was overcome by 
using a PMMA (poly methyl methacrylate or plexiglass) material 
and painting the front curve of the lens with two coats of black 
enamel and allowing it to cure for at least 48 hours before 
application on the animal's eye. 
Fitting information came from corneal growth data (Porter, 
1984). Visible iris diameter as a function of age, along with 
corneal topographic measurements taken with a B & L keratometer 
provided the necessary information for ordering contact lenses. 
Lenses were ordered large enough to completely cover the pupil 
and v,:rere ordered in three different base curves, since, as cats 
mature, the cornea flattens and becomes larger. The lenses were 
ordered allowing for this and were fit five diopters flat due to 
the large size of the lens ( 1.2 mm over-all-·diameter). 
In order to apply the contact lenses while still allowing no 
light to reach the kittens, special flashlights were devised. A 
red, Wratten gel #29 _. fi 1 ter \¥as wrapped around the 1 ight 
emitting end and secured. This provided us with enough light to 
see, but yet did not yield substancial lighting to the kittens 
since their visual receptors do not respond well to this 
.,.,a.velength. (It filters wavelengths below 625nm. Ne can see deep 
reds (625-700nm) but cats have little abilit,y to see above 
600nm.) 
The kittens were divided into a control group and two 
experimental groups. All animals were maintained in a dark 
environment except for six hours per day, five days per week. 
During this time the experiment.al animals were allowed to roam 
freely through the fully-lighted animal colony with the contact 
lens on their right eye and the control animals were allowed the 
same experience without any lenses on. The kittens were attended 
at all times while they were out in the lighted environment and 
all animals were let out at the same time. 
From the start of contact lens wear all of the kittens 
received six weeks of visual experience without having to perform 
any specific tasks. This accomplished two things. First it 
allowed them to get used to wearing the contact lens and, 
secondly, since they had been deprived of light before the ocular 
media had cleared completely, it was important to give t~hem some 
time to let the media clear, while also gaining some visual 
experience. 
The nine kittens used for 
Pacific University College of 
the study were raised in the 
Optometry animal care facility. 
This is a USDA approved, closed breeding colony. Training began 
at eleven weeks of age and continued until the sixteenth week. 
Testing was then done until the kittens were eighteen or nineteen 
weeks old. 
The training and testing followed the same protocol as that 
of Feiten and Mace (1987) who standardized the equipment used 
here for the determinat.ion of visual acuity. (See appendix II for 
a description and pictures of the apparatus used). The training 
sequence started with one door left open while the visual 
stimulus was placed over a closed, locked door. The grating was 
randomly placed right and left with no more than two placements 
on the same side. A kitten was placed into the tunnel and it 
exited by jumping to one side of the stand. Correct responses 
were positively reinforced with food on a partial random 
schedule. Incorrect responses resulted in the animal jumping to 
the floor of the "pit". When the kitten no longer hesitated 
jumping to the grating, the door with no grating was closed but 
remained unlocked. No visual stimulus of any kind was placed on 
this side during this phase. If the kitten jumped to this 
unlocked side, the trapdoor opened, dropping the animal to the 
floor. The kitten was left in the pit for 15 seconds before 
being removed. Regardless of the response given, the kitten 
always received a period of gentle petting before being placed 
in·to the tunnel again. Once this phase was mastered, the 
appropriate homogenous matched-luminance gray photograph was 
placed on the unlocked, closed side of t.:.he stand. 'l'he same 
procedure as above was followed, with the trapdoor opening, if 
the kitten jumped to the side with the gray plate. 
After 100% accuracy was reached in this phase the kitten 
entered the testing sequence. During these trials, no positive 
reinforcement was given and both doors were looked so t,here was 
no negative reinforcement if the kitten was unable to distinguish 
the grating. To reinforce the procedure, training-frequency 
gratings were presented between test gratings. The gray side was 
left unlocked and positive reinforcement was given randomly with 
these ·training gratings. Test gratings were presented an equal 
number of times on the right and on the left to help prevent side 
preferences. This would result in a 50% correct response if the 
kitten could not truly distinguish the grating and was jumping 
based only on side preference. Two different training gratings 
were presented between each test. This was done to help prevent 
memorization of a specific training grating. 
The test, gratings consisted of a series of contrast 
sensitivity bars, wit.h each one bearing a different spatial 
frequency (number of cycles per degree). The greater the spatial 
frequency, the narrower the bars became. Visual acuity was 
determined when the subject could no longer distinguish between 
the test grating and its luminance-matching gray pattern. 
The method recommended for training and testing can be found 
in appendix III. 
RESULTS 
In order to evaluate visual acuity, a cutoff criteria of 70% 
correct responses was chosen. This allowed the animal's 
performances to be evaluated on a straight percentage basis. 
According to previous research, using ·this same equipment, this 
method of visual acuity determination has been shown to be 
accurate, reporting visual acuity in cats to be between 5 and 6 
cycles per degree. 
Although the present project produced no measurable results, 
valuable information was obtained by revealing the problems 
involved with this project. The first problem encountered was 
that of finding an opaque material to make the contact lenses 
from. Neither the researchers, nor the contact lens company 
could find such a material. Sinee no opaque material could be 
found, regular PMMA material was used. Trial lenses were soaked 
in dye, food coloring, and epinephrine to try to opacify them, 
but proved unsuccessful. Acetone was rubbed over the front 
surface of a lens to try to break up form percepi~ion, but that 
too failed. Finally, a solution was found. A finished lens 
painted with 2 coats of black enamel rendered the lens virtually 
opaque, and was a rather easy modification to make. 
Occasionally, this enamel would chip and thin due to the wearing_, 
cleaning, and handling of the lens, and needed t;o be promptly 
st:;ripped off and the lens repainted. 
Other obstacles included, what contact lens base curve to 
start with, when to switch to a different base curve, and how to 
apply and remove the lenses. The selection of the appropriate 
contact lens base curve was influenced heavily by corneal growth 
data (Porter, 1984. See appendix I). Because of the large size 
of the lens, the base curve used was approximately 5 diopters 
flatter than the central corneal curvature. As the kittens grow, 
so do t.heir corneas, becoming s 1 ightly flatter vd th age. This 
required a change in base curve. Obviously, not all kittens grow 
at the same rate, so individual judgement had to be used to 
decide when and which base curve to S\'1it.ch to. Generally, the 
larger kittens required a change in base curve first. 
Application of tb.e lenses presented a challenging situation. 
Although, usually only one person was needed to apply the lenses, 
depending on the temperment of the kitten. The preferred 
technique was to first seat the bottom part of the lens into the 
inferior fornix, then slide the lens up and under the upper lid. 
Removal of the lens was accomplished by using a contact lens 
suction cup. 
The loss of a contact lens from a kitten's eye proved to be 
a major problem. If the lens fell off a kitten's eye and went 
undetected for a vlhile, light would be entering that eye until 
the lens was replaced and the effect of the occlusion would be 
lessened. Also, when a kitten loses a lens it tends to play with 
the lens by pouncing on it, chewing on it, and swatting it 
around. Thus, if a lost lens is not discovered immediately, it 
can be considered destroyed. During the project, \¥hen a lens 
fell off, t;he kitten was immediately picked up, its eyes were 
covered, and it was placed in the dark room. The lens was then 
recovered, cleaned, and reapplied to the animal's eye. Although 
the kittens were watched very closely, it was extremely difficult 
t.o immediately spot a lens which had fallen off. 
All of these problems delayed the occlusion, testing, and 
training so long that definitive results have not yet been 
obtained. They vf'ill, however, follow in the Haley and White 
thesis, next year. 
This research was designed to investigate the role of the 
motivational factor in the treatment of amblyopia. This paper 
describes how the first~ part of that research, creating a 
deprivational amblyopia by means of an opaque contact lens, may 
be accomplished. It concludes vlith the occlusion over the 
kittens' right eye being complete. Verification of the presence 
of a deprivation amblyopia by using evoked potentials will be 
done next, followed by reversal of the occlusion and the 
amblyopia, while utilizing the motivational factor. 
DISCUSSION 
Amblyopia is an abnormal visual condition of great concern 
to optometrists. Several forms of amblyopia occur in the human 
population. Uncorrected refractive error often results in 
amblyopia. \i~hen high anisometropia is present, (generally, 
greater than two diopters) the eye farthest from emmetropia is 
often suppressed. High astigmatism can induce a meridional 
amblyopia vd th the patient being least sensitive to stimulus 
detail along the power axis of the astigmatism. Congenital 
cataracts can result in decreased visual function if they are not 
removed soon after birth allowing normal development to occur. 
Monocular patching for trauma or for binocular dysfunction at an 
early age may cause an amblyopia. Constant unilateral strabismus 
is another condition often resulting in amblyopia. Some question 
exists as to Vihioh is the cause and which the result, but a 
strabismic-caused suppression leading to amblyopia is quite 
probable. Sensory deprivation induced in animals in a laboratory 
setting, such as this project, can mimic ·these "naturally" 
occuring amblyopias, eventually leading to efficacious treatment 
solutions for the human population. 
The use of contact lenses to create a deprivation amblyopia 
was the preferred method of occlusion in this project, due to its 
non-invasive technique. This method, however, had a few 
obstacles which had to be overcome, as discussed in the Results 
section, above. Because of these many difficulties, it is 
recommended that a large surplus of lenses be available. A 
contact lens order of 3 times the number of occlusions needed, in 
each base curve, should be sufficient. 
This project's purpose was to create a deprivation amblyopia 
by using an opaque contact lens. It concludes with the occlusion 
over the kittens' right eye being complete. The on-going 
research will be continued, obtaining visually evoked potentials 
from these same kittens, and also performing the occlusion 
reversal, utilizing the motivational factor. For those results 
refer to Haley and White, 1989. 
APPENDIX I 
Cent,ral Corneal Curvatures 
Age Corneal Curvature (v?eeks) (mm) (diopter) (range) 
2 5. 14 (65.62) 5.0-5.225 
3 5.25 (64.25) 5.15-5.75 
4 5.44 (62.00) 5.30-5.55 
5 5.72 (59.00) 5.45-5.95 
6 6.08 (55.50) 5.90-6.33 
7 5.97 (56.50) 5.63-6.20 
8 6. 14 (55.00) 5.85-6.33 
9 6.20 (54.50) 5.78-6.58 
10 6.52 (51. 75) 6.20-6.70 
11 6.70 (50.37) 6.50-6.83 
12 6.84 (49.37) 6.58-7.03 
13 7.00 (48.12) 6.65-7.15 
14 7.44 (45.37) 7.20-7.58 
15 7.52 (44.87) 7.20-7.78 
16 7.61 (44.37) 7.48-7.78 
17 7.73 (43.62) 7.65-7.73 
18 7.65 (44. 12) 7.48-7.78 
Contact Lenses 
Base Second Third Power Lens Optic C. T. 
Curve rad/wid rad/wid size diam 
6. 75 8.25/.4 9.75/.8 pl 12.0 9.6 .15 
7.50 9.0/.4 10.5/.8 pl 13.0 10.6 .15 
8.43 9.93/.4 11.43/.8 pl 13.0 10.6 .15 
APPENDIX II 
The apparatus utilized was a modified Lashley jumping stand. 
The stand was made of a black plywood box (38.5 x 71 x 166 em) 
and cut away in front to 100 em. Two trapdoors (35.5 x 35.5 em) 
located 39 em above the floor and separated by a central divider 
were held closed by pressure latches that could also be locked 
into the closed position by metal pins. 
Photographic reductions of commercially prepared 
(Inter-graphics, Kirkland Washington) high contrast, square-wave 
gratings served as the visual stimuli for the testing. Each 
grating had a homogenous gray photograph of matching luminance 
used with it. The gratings and gray photographs (12.5 x 19 em) 
were laminated and placed on the closed trapdoors in matched 
pairs. Uniform lighting was provided by two fluorescent (F40CW) 
cool white bulbs resting on top of the stand. 
A wooden tunnel (38 x 17.8 x 10.7 em) was centered directly 
in front of the stand and placed the kitten's eyes 37.5 em above 
the stimuli. 
Figure 1: The modified Lashley jumping 
stand with entrance tunnel 
visible from the front. 
Figure 2: A top view of the jumping 
stand showing tunnel, 
entrance, and a set of 
photographs. 
Figure 3: A view of a set of luminance 
matching photographs: a 
training grating and its 
matching gray pattern. 
APPENDIX III 
Training may start by eight weeks of age. 
Train with .5 
randomly with no 
per side. The 
and 2 cpd alternating grating sizes and sides 
more than two consecutive grating presentations 
total number of presentations per side should be 
equal. 
Reinforce correct responses on a random schedule. 
Follow each step until kitten is performing the task with 
confidence. 
Step 1: 
Step 2: 
Step 3: 
Step 4: 
Place training grating on locked side, open door on 
other side. 
Close unlocked door, no stimulus on this side. 
Grating on locked side .. 
photograph on unlocked side. 
Testing sequence. 
matched-luminance gray 
Both sides are locked during presentation of a test 
grating. 
During presentation of a training grating, the side 
with the gray photograph is left unlocked. 
There is no reinforcement during test presentation. 
Testing form: 
Training gratings are interspersed between test 
gratings so the kitten will remain familiar with the 
procedure. 
No more than two consecutive grating presentations (test or training) should be placed on the same side. 
The total number of presentations per side should be 
equal. Each test grating should appear on right and 
left sides an equal number of times overall. 
JUMPING STAND WORKSHEET 
A B c D E F G H I J K L M I 
1 CAT FORM 1.2 I 37.5 CAT FORM 2.2 I 37.5 I 
2 DATE DATE I 
3 EXAMINER EXAMINER 
4 I 
5 I 
6 TRIAL LEFT RIGHT CORRECT INCORRECT TRIAL LEFT RIGHT CORRECT INCORRECT I 
7 I 
8 1 ' 2 1 0.5 
9 2 0.5 2 3 i 
1 0 3 1.5 3 2 
1 1 4 2 4 12 
1 2 5 0.25 5 6 I 
1 3 6 2 6 1 
1 4 7 0.5 7 2 i 
1 5 8 3 8 8 
1 6 9 0.5 9 0.25 
17 1 0 6 10 1.5 I 
1 8 11 8 11 0.5 I 
1 9 12 1 12 4 I 
20 13 0.5 
21 14 4 
22 15 1.5 
23 ; 
24 . 
25 
26 I 
27 
28 
29 
' 
30 CAT FORM 3.2 I 37.5 CAT FORM 4.2 I 37.5 
31 DATE DATE 
' 32 EXAMINER EXAMINER 
33 
34 
35 TRIAL LEFT RIGHT CORRECT INCORRECT TRIAL LEFT RIGHT CORRECT INCORRECT 
36 '~""F'·'······:··· 2 I'''"'··' .: .. . <;\;~:~-· ..: : I 
37 2 1.5 1 0.5 
38 3 0.5 2 2 
39 4 3 3 6 
40 5 12 . ' 4 8 
4 1 6 2 5 1 
42 7 8 6 3 
43 8 4 7 0.5 
44 9 0.5 8 4 
45 10 3 9 0.5 
46 11 2 10 2 
47 12 0.25 11 1 2 
48 13 1 12 0.25 
49 14 0.5 13 0.5 
50 15 • 6 14 1.5 
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